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This {nvastigation tried various ways of cutting and steining
sections from lungs of animals expoged tc a varisgl; of aerosols con-
taining particulates, Thé mosr successful aprroach involvad the use
of puiystyrene iztex sphsras (Dow Chemical Company), These particles
could ba ssen with phasca microscopy on frosen sections of lung tissue,
Anchoring of extracellulsr particlas and datinitive localizatiorn of
particies romain problams as y2t not solved by goy of the modificetions
of standardized tachnics tried, Counting of particles in sections
fndicated that particles are diminiahsed in the lungas twalvs days after
sxposure and are remwved by thirty days post exposure, No accumulation
of particles was observed in hilar lymph nodes, éplean, liver or
kidney in animale subjected to singleé or multicl: exposures,




This investigation was en cxtenzion of Contract No, DA-18-064-AMC -
76 (A) and wrs concerned with the sequence of events occurring after
inhalation of particulate materlal by experimental animals, Previous
exparience had exposed vechnical pioblems of a forbidding nature in
an investigetion using a morphological approach, the only type of attack
permitted by ocur faciltties, These problems included movement and loss
of particlas durfng r1outine histological preparation, poor visusligsatfion
of tissue atructure in unstained frozen sections and difficulty in
identifying particles with certainty, Before abandoning the morphological
approach to the problem, it was determined to pursue rafinements of
techniques that might result in accumulsting valid data, The following
experimentas were directed toward finding a auicable {dentifiable parricle,
toward {msroving the «fficacy of froxen sections and obtaining quantitative
informaifon cvoncerning the rate of ciearance ot particles from the lungs,

i, METHYL METHACRYLATE

Blecks of methyl methacrylate with Rhodamine B incorporatad when
irradiated with Cobalt 60 for 5 days are colored irn incandescent light
ond also fluorescea, With the cooperation of the Chemic 1 Engineering
Depértmant of West Virginia Universiiy, smell particles of methyl
methacrylate containing Rhodamine B were similarly treated, Thesa
particles fluoresced but the concentration of dye was toco low to permit
their visualization in incandescent light, thus not permitting their
localization readily,

LI, BACILIUS GLOBIGII BPORES

Prior experiments attempting to stain Bacillus subtilis var, niger
(B, globigii) apores with a fluorescein labelled antiserum ptcparea !n
our ileboretory had been unsuccessiul, A sample of conjugated antiserum
againgr B lobieii preparsd at Fort Detvick and shown to be effective
vith spores not In tissues and at pH 9 was made avallable to ua, A
saries of guinaa pige expoced to agrosols containing heat killed B,
globlgii syures and sectivas of the lunge wece exposed to this conjugated
antiserum but none of the spores fluorescea, The axperiment was tepeated
with the substitution of spores killed by trvatment with 0,6% formalin but
iy a fsw spores fluorenced, The serum wap sorbed with liver powder

and the sxposura repested with no improvement in visuslination of cpores,
Direct treatment of &« auspension of spores on a glass slide with anti.
secui wes followed by fluorescence of only approximataly 1% of the spores,

Attempte wore made to stain formalin killed spores with Rhodamine
B. Sporer ware axpoted to a solution of dye for ona half hour with very
iittie fisorezcence resulting, Wh~n the staining period was extended to
overnight, the spores fluoresced on direct observation but not brightly
snough to be located in tissue asactions,

111, FLUORESCENT PIGHENTS

In wnrk perforwed before, fluorescent pigments which could be
fractionated into suitable vize ranges fluoreecad quite brightly,
Exsmivation of tissues by inceudeecent light was unsatisfactory as
the localization of the particles could not bs aacertained, At that
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time, it was considered that better optical equipment then we were
permitted to purchase under the terms of the contract might provide the
resclution neceesary to visualize the particles., Dr, John White of Fort
Detrick kindly lent us a Zeisa binocular fluorescence microscope in
Janusry, 1965, Accordingly, repest and reappraisal of the fluoremcent
pigment experiments were performed. Three guinea pigs were exposed for
10 minutes tc an aerosol of Helecon pigment No, 2267 with a size range

of 1-7, 54 and an average diameter of 2,5 at 2 concentration of

1Xx 10é parcicles per cc, Animals were kilied {mmediately post exposure,
24 hours post exposure and 5 days post exposure, Froten sectiona of lung,
lymph nodes and splesn were cut at 7 4 thickness and examined with the
Zeiza f{luorescence microscope, Sections cf lymph nodes and spleen were
unsatiefactory,

TABLE 1
Post exvosure pesriod No. particles/lung section
0 40
24 hours 10
5 daysa 2
unsxposed 0

This trend, aithough interesting, is of no real significance
because of tiie smel]l numbar of animals, The visualization of the
particles in Incandescent light was not improved bty the different optical
squipment, so further experiments were not performed with this pigment,

IV, LABELLING POLYSTYRENE LATEX BEADS

Attempts had previously been made to color polystyrene latex
beads as received from Dow Chemical Company with various Aves  The
results of these gttempts were not satisfactory, Discussions were haeld
vith the Chemical Enginesring Departmant of West Virginia University
regarding a pilot attempt to render such particles both fluorescent and
colored, It seemsd easisr to members of that department to incorporate
suitadle dyes during ths fabrication of the particles and they attempted
this in an informal preliminary way., Samplez of their tesults wera sent
to us for examination in May, These proved to be brightly fluorescent
but were colorlees in incandescont light and exhibited marked hetsrogsneity
both in regard to size (1.304 i{n Jdiameter) and shape, 1t would appear
that oo, e uniform fluoreacent particles could be mads comparabls o those
manufactured by Dow but would require more ¢ffort than could be expended
by the Chemical Engineering Department on other thap a contractual bssis,

Polyaciences, Inc,, of Rydal, Pennsylvanis, was consulted concerning
the foasibility of double labelling polystyrsenc latex particles, Their
responae indicated that this wae of project scops but could be atrempted
at zn astimated cost of $1500, 8ince thefr rep.y vas receivad about the
middle of August, 1965, it was considered too late to pursue this somewhat
tenuous lead,
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V, POLYSTYRENE LATEX BEADS AND PHASE MICRUGICOri

Since polystyrene latex beads as received from Dow Chemicel Company,
although uncolored, were excellent ar to size and uniformity, efforts were
made to use tuese as the test particle, It was found thet these particles
when viewed with phase microscopy could quite readily be identified,
Determining the exact site of the particle has proven somewhat clusive,
Unstained frozen sections do not yield sufficient detail even under phase
to be certain of the exact po=itien of the particles and whether they had
moved from their original positions., Attempta were therefore made to
refine the handling of tissue sections and to improve visvalizacion,

A, Staining of sections

Slides were coated with & 1% aquaeous solution of brilliant cresyl
blue °nd were air-dried, Frogen sections of lungs from animsls exposed
to aerosols containing polystyrene larex besds werc picked up by the
slides in the heops that on thawing, the seciicne would become siained in
the manner of & blood smear, The tissues were either too lightly stainad
to reveal detail or, whan heavier layers oi dried stain were used,
visualization was impaived by particles of the dye,

A modified quick hematoxylin and eosin stain in which xylene wae
omitted yielded better resulte, This {s audbject to the criticisme that
the liquids in the staining procedure may remove particles not firmly
anchored eand the clesring effect of the xylene is absent.

B. Clearing agentsa

Since xyline diswrolves poiystyrene latex, other clearing agente
ware tested, Bencene, toluene, and chloroform are unsuitable for the
same reascn, Cedarwood cil does aof dissolve the particlss but it does
not dry readily and is therefore impracticai,

C. Mounting media

Permcunt, Perrant‘s mounting medium and gum arabic were tastes, -*th
gum arabic being the most satisfactory since this solution is miscible
with both alcohol and water, a requisite when siides are mounted from
absolute slcohol without intervening xylene,

D. chhorinl;ot particlea

1, Cellotdin

Tiasue sactions wers nicked up on slides lsverad with =
thin coating of 7% celloidin, They were then fixed in forwalin
vapors for 5 minutes and stained with hemetoxyliin and eosin,
Thie epproach did not prevent movemsnt of particle, after addition
of wounting madium and covsr alip, Uhen the tissue on rha slide
was subjected to a mist of 7% celloidin trom an airbrue particles
did not move bui tissus detail was poor.
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2, "Spracyte"

This spray containing fixetives was applied to the froren blocks
of tissue, but the isopropyl aleohol contained {n it rapidly defrosted
the block and made cutting sections imposasible,

3. Ailr dried iunga

Attempts were made to anchor inhaled particles by air drying
fnmediztaly efter expozuie, Twe gulnee plgs wesie exgcsed for ton
minutes to a high concentration of 3,49 u polystyrens latex beads,
The lungs from one animal were air dried overnight and those oi
the other were stored under refrigeration, Similar notches were
cut in the right lower lobe of each lung and 10 cc, of saline were
perfused through each pair of lungs by masans of tracheal cznnulae,
The saline from the air dried lungs contained many particles but
none were recovered {rom the normal lungs,

V, FOLYSTYREKE LATEX BEADS IN FROZEN, FIXED SECTIONS

Since the vdrious approschesg ocutlined above did not result in a
satisfactory technique, sections of frozen lung were fixed after cutting
aichough the sxperimental conditions were not {deal, Scome {nformation
might be obtained aa to fate of particles, Guinea pigs were expozed
for ten minutes to an aerosol of 3,49 u polystyrene latex besds at a
concentration equivelent to No, 4 BaSO, standard, Auimals were sacrificed
at intervals arter exposure, At least fivo scrial sections wara cut from
each animal's right lower lobe, medial lobe, anc left lower lobe and i1rom
a hilar lymph node, Each section, after being placed on the slide, remained
in alr for aprroximatel” one minute to facilitate sticking to the siide and
then was fixed in liquid 10% tormeslin for approximately one hour., A rapid
hematoxylin and eonsin technique wi:lch omitted use of a clearing agent was
used and sach slide waz mounted in gum arsbic, The slides were then
exanined for particles by systematically studying the section with a
40X phuse objective, The rzsults are recorded in Table I1, These results
are subjact to criticism borh on deficiancy of technique and paucity of
animala, Those animals sacrificed in early stages probably had greatier
numbers of particles extracellularly {n lumins of bronchioles and in .ore
distal spacea, many of which were washed out by the fixing ard staining
proceduras, The paucity of particles in the animals sacrificed after
7 deays 1a provocative but this observation should be verified in a larger
series, Of additional intercst are the few particles detected in hilar
lymph nodes, It may be that an inert particle, incapable of germination
as opposaed to an anthrax spore, may merely pass tlicough the lymph nodes
to other sites,

In an affort to determine these possible other sites, two animalse
were subjected to multiple exposurcs at the same dose and time in the
following fashion,




Animal No, 1 Animal No, 2
Day Day

Initial exposure 0 0

1st re-exposure 9 9

2nd re-exposure i2 12

Jrd re-exposure 14 14

4th re-exposure 16 16

5th re-exposure * 20

6th re-exposure .- 23

7th re-exposure -- 26

8th re-exposure -- 28+

*Sacrificed on day 19

+8acrificed on day 33

The counts on the=~ animals were as follcis:

Lung Hilar Lymph Node Spleen Liver Kidney

Animal 1 20 0 ) 1 2
Animal 2 40 0 0 0 1

This pilot experiment yields no conclusive evidence but supports the
above suggestion that inert particles do rot localize in the regional
lymph nodes, Kidney, liver and splecn do not appear to be the repositories
of particles but & more comprehensive study should be performed to yleld
data on which valid conclusions could be based,
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